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Flash Flooding 

Statistics



127 deaths per year
30-year national average of flash flooding-related deaths

Flash flooding is the #2 weather-related killer in the 
United States



Startling Statistics

On average, around 
1,000 flash floods 

happen per year in the 
US.

A little more than 50% of 
flash flooding-related 

deaths occur in vehicles

Approximately 33 million 
people globally were 

affected by flash floods in 
2020.

1,000 50% of deaths 33 million 



2024 US Flooding Statistics

● 181 people died as a result of flooding in 2024 in the 
United States

● Of the deaths, 66 of those happened while driving
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Meteorology of 

Flooding



Sufficient moisture (> 
70%) at the low and 
mid-levels is needed

Questions we ask: is 
there training potential? 
What forcing is there?

What Meteorologists Look For When it 
Comes to Flash Flooding

Slow winds = rain not 
blowing around = 

ponding

Deep warm clouds hold 
a lot more precipitation 

in the form of water

Greater than the 75th 
percentile using local 

climatology

Is there enough energy 
to generate clouds, 

thus producing rain?

Slow winds Moisture Slow storm 
motion

Deep Cloud 
Layer

Precipitable 
Water Values

Available 
Energy





Key elements to look for:
● High precipitable water 

values
● High relative humidity
● Moisture influx 
● Convergence of winds
● Boundaries (fronts), 

particularly stationary 
boundaries 

● Wind speed and direction 
aloft and near the surface 

Flash Flooding Ingredients



Know your 
Environment

Questions we ask ourselves…
● Has it been raining a lot over 

the area of interest recently?
● What are the soil conditions 

like?
● Topography…Is it hilly, flat, 

mountainous?
● Is in an urban area where 

flooding can happen faster?



The Steps We Take
● Figure out the threat 
● Familiarize yourself with the environment 
● Monitor the threat
● Issue watch
● Issue warning
● Follow-up warnings as often as needed 

depending on how the threat evolves.
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Types of  
Flooding



Types of Flooding
River Flooding
● Takes longer to occur
● Typically have time to prepare and evacuate if needed
● Different sources of river flooding: persistent rain for a long period of time, melting snow, or an 

ice jam

Flash Flooding
● Happens quickly as water rapidly rises
● Occurs generally in a matter of minutes to 6 hours or less during heavy rainfall
● 2 big factors: rainfall duration and rainfall intensity

Storm Surge
● An abnormal rise in water level along the coast.
● Generally caused by forces generated from a severe storm’s wind, low pressure, and waves i.e. 

hurricanes

Coastal Flooding
● Inundation of land along the coast caused by high tide



Atmospheric Rivers - NOT a type of Flooding
Atmospheric Rivers
● Long, narrow regions 

in the atmosphere 
that transport large 
amounts of water 
vapor outside of the 
tropics. i.e. California 

● Not all atmospheric 
rivers cause damage. 
Some provide 
beneficial rain or 
snowpack to an area 
in need.





Overflowing River
Numerous things can cause 
a river to overflow. A few 
are: persistent rain for a 
long period of time, melting 
snow, or an ice jam

Ice Jam- occurs when ice 
clumps together to block 
the flow of the river.

Nashville, May 2010
Photo credits: Micca Campbell



Dam Break
● Dam breaks are often 

considered flash 
flooding due to the 
sudden nature of the 
break.

● Causes can be 
accumulation of 
melted snow, 
landslides, severe 
storms dumping large 
amounts of rain, jams 
caused by debris, etc. 

Dam failure in Putnam County, Tennessee in April 2020



Flash Flooding

● The fastest and 
most dangerous 
type of flooding.

● Can happen in a 
matter of 
minutes

● Very little time 
to prepare

● MOVE TO 
HIGHER 
GROUND!

● Do NOT drive 
through flood 
waters!!!



Storm Surge

● Common along 
coastal areas

● Storm surge is an 
abnormal rise in 
sea level during a 
storm.

● Storm surge is 
high during 
storms like 
hurricanes.

● Coastal flooding 
can occur due to 
high storm surge.
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Case Study



Case Study - August 21, 2021 Waverly, TN
- A stalled stationary boundary draped across the area provided 

a focus for training rain and thunderstorms. A modest low 
low-level jet was in place, providing an infusion of moisture into 
the area.

- Hours of rainfall + periods of intense rainfall are some of the 
factors that led to this catastrophic flooding event.



12Z Surface Chart



Weather Prediction Center Discussion
2:20 AM 8/21/21



Weather Prediction Center Discussion 
8:27 AM 8/21/21



12Z BNA Sounding
Moisture: 

Deep Cloud Layer:

PWAT: 

Energy (CAPE):

Slow Storm Motion:



Radar Imagery 
August 21 12 AM through 11 PM

https://docs.google.com/file/d/1bH9vX9vyhua-chPYObWbwQhZHWuzmuPt/preview


River Gauges



AHPS Hydrographs 



48-Hour Rainfall Totals



So what ended up happening?
As you saw on the radar loop, training thunderstorms over west middle TN 
resulted in catastrophic flash flooding.

Rain started just before 1 AM. With already 1.5-2.5 inches fallen in the first 
hour, the first Flash Flood Warning was issued at 3:39 AM.

Heavy rain continued due to training thunderstorms and emergency 
management reported life-threatening flash flooding. 

This led to the rare issuance of a Flash Flood Emergency at 7:47 AM.

The first reports of catastrophic flash flooding in Waverly started coming in 
at 10:01 AM. Some accounts say the water rose 5 to 6 ft in under 5 minutes. 





Waverly  Flood Story Map

https://storymaps.arcgis.com/stories/13b68e
35b8fd48e0b0188f1645992b98

https://storymaps.arcgis.com/stories/13b68e35b8fd48e0b0188f1645992b98
https://storymaps.arcgis.com/stories/13b68e35b8fd48e0b0188f1645992b98


Wrap up of Case #1
● Training storms can dump a lot of rainfall 

over an extended period of time
● With that, high rainfall amounts are possible 

even if the rainfall intensity is low.
● Overnight cases of this can be especially 

dangerous.



Case Study #2 - Cummins Falls State Park
Cookeville, TN.  July 5, 2017



Cummins Falls State Park
Cookeville, TN.

● A line of strong 
thunderstorms moved across 
the area the afternoon of July 
5.

● On the days leading up to 
this, there had been multiple 
days of rainfall, so the area 
was primed for flash flooding.

● Multiple water rescues 
happened and unfortunately, 
2 fatalities occurred.





3:49 pm



3:51 pm



3:52 pm



3:54 pm



3:55 pm



4:30 pm



Wrap up Case #2

● The rainfall intensity was high in this 
situation

● A lot of rain fell in a short period of 
time

● Antecedent conditions were also 
moist due to several rounds of rain in 
previous days
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NWS Flood 

Products



Flood Watch



Flash Flood Warning



NWS Products
•Middle TN Hazardous Weather Report

•Flood Potential Outlooks (ESF)

•Flood/Flash Flood Watches (FFA)

•Flood/Flash Flood Warnings (FFW)

–Dam Break – Downstream will be a Flash Flood Warning

•Flood Statements (FLS)

•Flood Advisories (FAY)

•Urban and Small Stream (FAY)

https://www.weather.gov/media/ohx/briefing/SitRep.pdf


Hydrologic Outlook



Flood/Flash Flood Watch



Flash Flood Warning - Standard



Flash Flood Warning - Considerable 



Flash Flood Warning - Catastrophic



Flash Flood Emergency 

Very rare!!!



River Flood Warning



Flood Advisory 



Urban and Small Stream



Hydrology VTEC Sheet
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Conclusion



Flooding is DANGEROUS



CREDITS: This presentation template was created by Slidesgo, and 
includes icons by Flaticon, and infographics & images by Freepik 

Do you have any questions?
Email: paige.baggett@noaa.gov

Office Phone: (615) 754-8500
Website: weather.gov/ohx

Thank you!

https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr

